Abstract
Introduction

28
Equal segregation of sister chromatids into daughter cells relies on proper attachment of 29 microtubules (MTs) to a specialised site on the chromosome, the kinetochore. Kinetochores 30 consist of dozens of proteins, including those that bind to DNA or MTs, and many of them form 31 subcomplexes for normal function (Musacchio and Desai, 2017) . The Ndc80 complex is localised 32 to the kinetochore during mitosis and functions as the major MT attachment site: "end-on" 33 attachment of MTs to kinetochores absolutely depends on this conserved protein complex 34 (Cheeseman et al., 2006; Musacchio and Desai, 2017; Powers et al., 2009) . In yeast and animals,
35
Kinesin-8 is a widely conserved kinesin subfamily. Its motor domain lies at the N-terminus, 1 followed by coiled-coil and tail regions. The mitotic functions of kinesin-8 have been well
Kinesin-8
Klp67A has both MT-destabilising and -stabilising activities in vitro 28 We next determined the effect of kinesin-8 Klp67A on MT polymerisation dynamics in an in 29 vitro assay (Fig. 3A) . When we mixed 5, 10, 20, or 50 nM kinesin-8 Klp67A with
30
GMPCPP-stabilised MT seeds and free tubulin (10 µM), dynamic MTs from the seeds were rarely 31 observed or non-existent at 20 nM or 50 nM, respectively (Fig. 3B) . Furthermore, at high 32 concentrations, the excess force exerted by kinesin-8 Klp67A glided and bundled MT seeds. In the 33 subsequent experiment, we used 5 or 10 nM kinesin-8
Klp67A
.
34
First, we could not observe any MT depolymerisation activity of kinesin-8 Klp67A towards
35 GMPCPP-stabilised MTs, which differs from that for yeast Kip3 (Gupta et al., 2006; Varga et al., 36 2006), human KIF18A reported by (Locke et al., 2017; Mayr et al., 2007) , or the bona fide
37
MT-depolymerising Drosophila kinesin-13 Klp10A (Rogers et al., 2004) that was used as a positive 38 control in our experiments (Fig. S1C ). However, we could not exclude the possibility that we observed that the majority of sister kinetochores were attached to MTs from the pole ("syntelic" instances, we observed "monotelic" attachment at the beginning, where one of the sister 30 kinetochores was not associated with MTs and, therefore, a strong GFP-Rod signal was detected 31 (Fig. 4C, 12 s) . However, they were converted into syntelic attachments during imaging, which 32 was characterised by GFP-Rod streaming along the newly formed kinetochore MTs (Fig. 4C, 153 33 s). Once syntelic attachment was established, MTs were rarely dissociated from kinetochores ( Fig. 1 a cell line that expressed GFP-Rod, H2B-mCherry, and EB1-SNAP (fluorescent SiR-SNAP was 2 added to the medium), in which EB1 served as a marker of kinetochore MTs (Fig. S2B) . In 3 addition, we simply observed GFP-Rod and H2B-mCherry without MT markers (Fig. S2D) MTs in a syntelic manner, as indicated by a decrease in GFP-Rod signals (Fig. 6A , B, Movie 5).
12
The result indicates that kinetochores retain an ability to bind stably to MTs in the absence of 13 kinesin-8
Klp67A
, when Aurora B activity is low. Our interpretation is that the MT-binding potential
14
of the dephosphorylated form of Ndc80 complexes is preserved in the absence of kinesin-8
Klp67A
15
In the absence of kinesin-8
Klp67A
, persistent poleward motility of chromosomes was observed,
16
which would involve kinetochore MT shrinkage (Movie 2). We hypothesised that the MT 
GFP-Mad2 accumulation after KIF18A RNAi in HeLa cells
30
Several studies have characterised loss-of-function phenotypes for human kinesin-8, KIF18A
31 (Janssen et al., 2018; Kim and Stumpff, 2018; Mayr et al., 2007; Stumpff et al., 2008; Stumpff et 32 al., 2012) . The components of the spindle assembly checkpoint (SAC) have been also analysed in 33 a few studies using fixed cells (Janssen et al., 2018; Kim and Stumpff, 2018; Mayr et al., 2007) . or puromycin following plasmid transformation with the TransIT-Insect reagent (Takara).
27
Plasmids used in this study are listed in Table S1 were processed with ImageJ. For the colcemid treatment experiment in Fig. 5D , S2 cells 
41
In vitro MT polymerisation assay
42
The in vitro MT polymerisation assay was performed essentially following a method previously 43 described (Li et al., 2012; Moriwaki and Goshima, 2016) . A silanized coverslip was coated
44
with anti-biotin (1-5% in 1 × MRB80, Invitrogen), and the nonspecific surface was blocked with containing 10% biotinylated pig tubulin and 10% Alexa647-labelled pig tubulin with 1 mM 1 wash, Klp67A-GFP was loaded into the chamber with a buffer identical to that used for the in vitro
23
MT polymerisation assay. GFP was bleached for 3 min with 20 mW, 488 nm laser (maximum 24 power), followed by imaging unbleached GFP with 40% power.
26
Data analysis
27
MT attachment instability was determined by counting the detachment events over time (monotelic 28 to unattachment/lateral interaction or syntelic to monotelic conversion), whereas MT attachment Klp67A-GFP intensity at the tip and the growth/shrinkage rate, kymographs were analysed with 39 the segmented line tool associated with Fiji/ImageJ. At each time point, the maximum GFP 40 intensity within 5 pixels (0.8 µm) around the tip was obtained and, after background intensity 41 subtraction, the mean GFP intensity during the growth (or shrinkage) was calculated. The plot was 42 analysed with general linear regression, where GFP intensity and growth/shrinkage rate were used 43 as explanatory and response variables respectively, and gamma distribution was assumed.
44
Reciprocal function was used as link function. To make the response variable exclusively positive 45 values, 0 µm/min growth rate was approximated to 1 × 10 -9 µm/min. 
